Background. Randomized trials have shown increased risk of suicidality associated with efavirenz (EFV). The START (Strategic Timing of Antiretroviral Treatment) trial randomized treatment-naive human immunodeficiency virus (HIV)-positive adults with high CD4 cell counts to immediate vs deferred antiretroviral therapy (ART).
and no previous AIDS-defining conditions were randomized to initiating ART immediately vs deferring ART until the CD4 cell count dropped below 350 cells/µL or AIDS developed (Supplementary Appendix, Supplementary Figure 1) . Each participant's ART regimen was selected prior to randomization ("prespecified") by site investigators from a table of recommended initial regimens (Supplementary Materials, section 1). START enrolled participants between 2009 and 2013. This analysis used data accrued through 26 May 2015, the day before the START study results were unblinded and participants in the deferred ART group were recommended starting ART [9] .
Outcomes
The START study reported "serious events" that were not related to AIDS irrespective of exposure to ART. These included deaths, unscheduled hospitalizations, and grade 4 adverse events according to the National Institutes of Health (NIH) Division of AIDS toxicity table [11] (Supplementary Appendix, Supplementary Table 1 ). All serious events were coded using the Medical Dictionary for Regulatory Activities (MedDRA), version 19.1, by staff blinded to treatment assignments and ART regimens. The primary endpoint for this analysis are events coded as the MedDRA high-level group term "suicidal and self-injurious behavior, " referred to as "suicidal behavior. "
Baseline Covariates
Age, gender, HIV risk group, prior psychiatric diagnosis (major depression, bipolar disorder, or psychotic disorder including schizophrenia), and current use of psychotropic drugs (benzodiazepines, antidepressants, antipsychotic drugs [neuroleptics], other drugs for bipolar mood disorders, methadone, other prescribed opiates) were obtained by chart abstraction or participant self-report. History of recreational drug use (amphetamines, methamphetamines/ecstasy, cocaine, ketamine, opiates) and heavy alcohol consumption within the past month were estimated from a self-administered questionnaire (Supplementary Appendix, section 2).
Statistical Analyses
Our primary goal was to determine whether use of EFV-based ART regimens increased the risk of suicidal behavior compared with no ART use or with other ART. To investigate whether participants who were prespecified EFV prior to randomization had the same a priori risk of suicidal behavior as those with other ART, we considered the follow-up in the deferred ART group accrued prior to ART initiation and compared the 2 subgroups for the incidence of suicidal behavior using Kaplan-Meier estimates and a log-rank test (Figure 1) . A direct comparison of participants who used EFV vs those who used other ART would be confounded by the differences in a priori risk. To avoid such bias, we used a series of intention-to-treat comparisons between the randomized immediate and deferred ART groups to assess the effect of EFV use (in the immediate ART group) vs an appropriate control group. First, we compared the incidence of suicidal behavior in the immediate vs the deferred ART groups using Cox proportional hazards models overall and separately within the 2 subgroups of participants by prespecified ART type (EFV based and other ART; Figure 2 ). These treatment comparisons are protected by randomization because the subgroups were defined before randomization. Because most participants in the immediate group started their prespecified regimen (Figure 3) , the intention-to-treat comparisons within the 2 subgroups are an approximate comparison of immediate EFV (or other ART) use vs deferring EFV (or other ART). In the second analysis, we restricted follow-up to year 1, since only a few participants in the deferred group initiated ART in the first year ( Figure 3) . This analysis provides a better approximation of comparing EFV (or other ART) use to no ART while maintaining the protection by randomization. In the third analysis, in order to compare EFV (or other ART) use directly to no ART, we censored follow-up in the deferred group at ART initiation; in the immediate ART group, we started follow-up at ART initiation. Consequently, in the "prespecified EFV" (other ART) subgroup, all participants in the immediate ART group initiated EFV (other ART) at time 0 and were compared to similar participants in the deferred group without ART. In the "prespecified other ART" subgroup, Figure 1 . Kaplan-Meier estimates of the cumulative percent of participants with suicidal or self-injurious behavior in the deferred antiretroviral therapy (ART) group prior to any ART use, within subgroups by pre-specified ART type (efavirenz [EFV] versus other ART). Follow-up is censored at ART initiation. The difference between the curves (P < .001) indicates that participants who were pre-specified EFVcontaining regimens had a lower a-priori risk of suicidal behavior compared with those pre-specified other ART. Abbreviations: ART, antiretroviral therapy; EFV, efavirenz; NRTI, nucleoside reverse transcriptase inhibitor PY, person-years.
we also censored follow-up at any EFV initiation in the immediate group. For this third analysis, which was not protected by randomization, we provided Kaplan-Meier estimates of the cumulative proportions of participants with suicidal behavior. The 3 analyses were repeated for participants with or without prior psychiatric diagnoses, because the rates of suicidal behavior were higher among those participants.
In all 3 analyses, we compared the hazard ratios (HRs; immediate vs deferred ART) across the 2 subgroups (prespecified EFV or other ART) by including the interaction between the treatment group and subgroup indicators in expanded Cox proportional hazards models. To estimate the effect of EFV compared with other ART, we calculated the corresponding ratio of HRs (immediate vs deferred ART) for the prespecified EFV subgroup over the prespecified other ART subgroup ( Figure 2 ). Event rates were estimated without adjustments for baseline characteristics. However, proportional hazards models to compare immediate vs deferred ART were stratified by history of psychiatric diagnoses. We compared baseline characteristics between participants who were prespecified EFV vs other ART using Kruskal-Wallis tests for medians and χ 2 tests for proportions. We described ART use through follow-up by plotting the proportion of participants using any EFV, other ART, and no ART in 1-month intervals and by calculating the percentage of total follow-up time during which EFV, other ART, and no ART was used.
To identify predictors for suicidal behavior with EFV use, we restricted the analyses to participants in the immediate ART group who were prespecified and started EFV and estimated associations in Cox proportional hazards models. Initially, we included baseline variables (age, sex, HIV risk group, race/ethnicity, geographic region [high vs low-to middle-income], prior psychiatric diagnoses, psychotropic drug treatment, recreational drug use, heavy alcohol use) and a time-updated indicator variable for EFV use. In the final model, we retained age, sex, HIV risk group, and the time-updated EFV indicator, in addition to those baseline factors that were independently associated with the risk of suicidal behavior, in the initial model. Using predictors with P < .10 in the final model for EFV, we repeated the analyses for participants prespecified other ART. For the strongest predictor (prior psychiatric diagnoses), we tested whether associations with suicidal behavior differed by prespecified ART type in the immediate ART group by testing for an interaction between ART type and predictor.
Statistical analyses were performed using SAS, versions 9.3 and 9.4 (SAS Institute, Cary, North Carolina) and R, version 3 [12] . All tests are 2-sided; P values ≤ .05 denote statistical significance.
RESULTS

Baseline Characteristics
The START study enrolled 4684 participants at 215 sites in 35 countries. Baseline characteristics have been described previously [9, 13] . The prespecified ART regimen included EFV in 3515 (75%) participants. Table 1 shows the baseline characteristics by type of prespecified ART. Participants with prespecified EFV less frequently lived in high-income countries (34% vs 81%), were less likely to be current smokers (29% vs 42%), and less likely to have used recreational drugs (24% vs 38%). Within the 2 subgroups, the immediate and deferred treatment groups were well balanced for baseline characteristics (Supplementary Appendix, Supplementary Table 2) .
Preexisting psychiatric diagnoses were less common in those with prespecified EFV compared with other ART (3.1% vs 13.9%), as was use of psychotropic medication (5.2% vs 16.8%; Table 1 ). The prevalence of psychiatric conditions at baseline was higher in high-income regions (United States, Europe, and Australia) compared with low-to middle-income regions (Latin America, Africa, and Asia; 11% and 1.4%, respectively). Figure 3A shows the use of EFV and other ART over time in the immediate and deferred ART groups, separately for participants with prespecified EFV and other ART. Among those prespecified EFV in the immediate ART group, 94% were using ART by month 4 and 82% were on EFV ( Figure 3A , upper-left panel). In the deferred arm, median time to ART initiation was 3.2 years, 46% ever initiated ART, and 31% initiated EFV (upper-right panel). Among those with other ART prespecified, ART use in both treatment groups was slightly higher, and a few participants also used EFV ( Figure 3A , lower panels). Figure 3B shows cumulative ART use as a proportion of follow-up time accrued. Among those with EFV prespecified, ART was used for 94% of follow-up time in the immediate group vs 26% in the deferred group, and EFV was used for 76% and 15%, respectively. Among those with other ART prespecified, ART was used for 95% and 35% of time in the immediate and deferred groups, respectively. EFV was used for 6% and 4% of time, respectively.
ART Use Through Follow-up
Suicidal Behavior
Suicidal behavior was reported for 28 participants in the immediate ART group and 25 in the deferred group over a mean follow-up of 3.2 years, rates of 0.39 and 0.34/100 person-years (PY), respectively. The estimated HR (immediate vs deferred group) was 1.07 (95% confidence interval [CI], 0.6-1.8); there b P values are for comparisons between the EFV + NRTIs and other ART + NRTIs groups. Medians were compared using Kruskal-Wallis tests; percents were compared using χ 2 tests.
c Average of 2 screening values.
d Including major depression, bipolar disorder, and psychotic disorder including schizophrenia. These diagnoses were not collected separately.
e Amphetamines and methamphetamines/ecstasy, cocaine, ketamine, and opiates.
was no evidence for a treatment difference (P = .81). Among those with EFV prespecified, 19 participants in the immediate ART group reported suicidal behavior vs 12 in the deferred group, rates of 0.35 and 0.22/100 PY, respectively (HR, 1.38; 95% CI, 0.7-2.9; Table 2 ). Among those with other ART prespecified, 9 (rate 0.50/100 PY) and 13 participants (rate 0.69/100 PY) had suicidal behavior, respectively (HR, 0.74; 95% CI, 0.3-1.7). The ratio between the HRs, comparing the prespecified EFV subgroup vs the other ART subgroup for "excess risk" of suicidal behavior in the immediate group, was not significant (HR, 1.86; P = .24). We repeated the analyses for the first year of follow-up only. Among those with EFV prespecified, the HR was 3.74 (95% CI, 0.8-17.5; P = .09) compared with an HR of 1.02 among those with other ART prespecified (Table 2) . However, event numbers were small in this analysis, CIs were large, and there was insufficient evidence for heterogeneity between the subgroups (HR, 3.67; P = .15).
In the third analysis, we compared EFV (or other ART) use to no ART by starting follow-up in the immediate group at ART initiation and censoring follow-up in the deferred group at ART initiation. Among those with EFV prespecified, 18 participants (0.36/100 PY) experienced suicidal behavior in the immediate group (1 event occurred in a participant who was excluded in this analysis because the participant never used EFV) compared with 4 (0.10/100 PY) in the deferred group (HR, 3.31; 95% CI, 1.1-9.9; P = .03). Among those with other ART prespecified, rates in both treatment groups were higher (0.56 and 0.66/100 PY), but the HR was 1.04 (95% CI, 0.4-2.7; P = .93). The excess risk of suicidal behavior in the immediate ART group vs no ART was 3.18-fold higher among those with EFV prespecified compared with those in the other ART subgroup, but there was insufficient evidence for heterogeneity between subgroups (P = .07; Table 2 ). For the last comparison, the Kaplan-Meier estimates for the cumulative proportion of participants with suicidal behavior are shown in Figure 4 .
Of the 53 suicidal behavior events, 3 were completed suicide, all in the deferred ART group and after ART initiation. Two of these participants had preexisting depression and anxiety/depression and were treated for these conditions. Both were on Truvada plus darunavir/ritonavir. The third participant had a history of alcohol abuse and started EFV-based ART 18 months before the suicide. Table 3 shows the components of suicidal behavior by MedDRA preferred term for each of the comparisons in Table 2 .
The incidence of suicidal behavior was substantially higher among the 371 participants with prior psychiatric diagnosis; among those prespecified other ART, 8 of 162 participants with prior psychiatric diagnoses experienced an event (1.7/100 PY) compared with 14 of 1007 without diagnoses (0.5/100 PY; P = .003). Supplementary Tables S3 and S4 show the event rates  and HRs from Table 2 for participants with and without prior psychiatric diagnoses, respectively. Among the 109 participants with prior psychiatric diagnoses who were prespecified EFV, none experienced suicidal behavior in the deferred ART group compared with 6 (2.7 per 100 PY) in the immediate group after starting EFV (Supplementary Table 3 ). Cox proportional hazards models were used for this analysis.
Abbreviations: ART, antiretroviral therapy; EFV, efavirenz; HR, hazard ratio; ITT, intention to treat; PY, person-years. a HR (immediate/deferred), estimated in Cox proportional hazards models, stratified by history of psychiatric diagnosis.
b Ratio of HRs (immediate/deferred) within the EFV prespecified subgroup over the other ART prespecified subgroup.
c P value for the interaction between indicators for treatment group and prespecified ART regimen; compares HRs (immediate/deferred) between subgroups by prespecified ART.
d Of these events, 6 and 0, in the immediate vs deferred arms, respectively, occurred among 100 participants with prior psychiatric diagnoses. The immediate group excludes participants who did not start ART. Follow-up time starts at EFV start date. Of the 3515 participants with EFV in the prespecified regimen, 117 in the immediate arm were excluded (32 never started ART, 85 never used EFV), and 4 in the deferred arm were excluded (3 started ART at randomization, 1 participant was lost to follow-up at randomization). e Of these events, 5 and 2, in the immediate vs deferred arms, respectively, occurred among 161 participants with prior psychiatric diagnoses. Of the 1169 participants without EFV in the prespecified regimen, 32 were excluded (in the immediate group, 7 never started ART, and for 25, the first ART regimen contained EFV). The immediate group excludes participants who did not start ART. Follow-up time starts at ART start date and was censored at EFV start.
Figure 4.
Kaplan-Meier estimates of the cumulative percent of participants with suicidal or self-injurious behavior, within subgroups by pre-specified antiretroviral therapy (ART) type. In the deferred ART group, follow-up is censored at ART initiation. A, Kaplan-Meier estimates for participants who were pre-specified efavirenz (EFV)-containing ART regimens. In the immediate ART group, follow-up time is started at EFV initiation, excluding 116 (6.6%) participants who never initiated EFV. B, Kaplan-Meier estimates for participants whose pre-specified regimen did not contain EFV. In the immediate group, follow-up time is started at ART initiation, excluding 32 participants who never initiated ART or whose first regimen contained EFV; for the 31 participants who started EFV, follow-up is censored at EFV start. Abbreviations: ART, antiretroviral therapy; Def., deferred; EFV, efavirenz; Imm., immediate; NRTI, nucleoside reverse transcriptase inhibitor. Table 2 Other ART + NRTIs prespecified 9 13 7 7 9 8
Table 3. Number of Participants With Suicidal and Self-Injurious Behavior Included in Each of the 3 Analyses in
Breakdown of suicidal behavior by MedDRA preferred term 
Predictors of Suicidal Behavior
A prior psychiatric diagnosis was the strongest predictor of suicidal behavior among participants in the immediate group who started ART, both among those who were prespecified EFV (HR, 12.5; 95% CI, 4.7-33.6; P < .001; Table 4 ) and those prespecified other ART (HR, 9.3; 95% CI, 2.4-36.4; P = .001; Supplementary Table 5) ; there was no evidence for a difference by ART type (P = .79 for interaction). Among those who were prespecified EFV, heavy alcohol use and recreational drug use were independently associated with increased risk (HR of 4.6 and 2.6, respectively), while the risk decreased with age (HR, 0.51 per 10 years older). The time-updated indicator for EFV use was not associated with risk of suicidal behavior (HR, 1.4; P = .74); however, power for this variable was low because almost all participants started EFV shortly after randomization (Table 4) . Median time from EFV start to suicidal behavior was 10.2 months.
DISCUSSION
In the START study, there was no overall difference between the immediate vs deferred ART groups in the incidence of suicidal behavior events. However, among participants whose prespecified ART regimen included EFV, those in the immediate arm who started EFV had a higher risk of suicidal behavior (HR, 3.31; 95% CI, 1.19.9; P = .03) compared with those who were randomized to the deferred arm and were not yet using any ART. Conversely, among participants who were prespecified other ART, there was no excess risk of suicidal behavior in the immediate ART group (HR, 1.04). This is consistent with a post hoc metaanalysis that combined data from 4 ART-naive trials [4] . In contrast, cohort analyses and data extracted from regulatory agency databases have failed to observe any excess risk of suicidality associated with EFV [5] [6] [7] . Observational studies that compared EFV use to other ART are unreliable. However, because EFV is often avoided for patients with elevated risk of suicidal behavior, resulting in higher a priori risk of suicidal behavior in the other ART group. This higher a priori risk was evident in the START study ( Figure 1 ). We minimized bias by using the randomized design of the study to identify control groups for EFV (or other ART) prior to randomization. In the general population, patients with severe depression and other serious psychiatric conditions are at higher risk for suicidality [14] [15] [16] . In our study, the strongest predictor of suicidal behavior in the immediate ART group was a preexisting psychiatric diagnosis, both among those using EFV and those with other ART. Given the higher absolute risk of suicidal behavior among those with psychiatric conditions, the association between EFV exposure and suicidal behavior supports the recommendation in national and regional guidelines to avoid prescribing EFV for patients with past or current psychiatric conditions [8, 17, 18] . Recreational drug use, including alcohol, was also independently associated with suicidal behavior, which is also consistent with findings in the general population and those with other chronic conditions, particularly at a younger age [15, 19, 20] .
In a recent systematic review and metaanalysis, a higher incidence of severe neuropsychiatric adverse events but not suicidality was observed in ART-naive adults randomized to EFV-based ART compared with other regimens. However, there were no completed suicides in the metaanalysis studies and the overall rate of suicidal ideation was extremely low (0.6%), affecting their power to investigate differences between groups [21] .
Screening for psychiatric conditions (mainly depression) before prescribing EFV could reduce the risk of suicidality. However, screening may not be feasible or affordable, particularly in low-to middle-income countries where EFV continues to be frequently used in first-line ART. The Encore1 trial reported a lower rate of EFV-related adverse events in patients treated with reduced compared with standard doses [22] , suggesting that lower doses of EFV may provide a better safety profile.
The main strengths of our study are the use of START's randomized design and the standardized reporting of serious suicidal behavior events. Our study had several limitations. First, it was a post hoc analysis of a trial in which EFV exposure was not the randomized intervention. However, by comparing the immediate and deferred treatment groups within subgroups by prespecified ART type, we estimated the effect of EFV (and other ART) vs randomized control groups, thus minimizing selection bias. Second, not all participants in the immediate group started their prespecified regimen, and some discontinued prespecified EFV. However, adherence overall was high ( Figure 3 ). Third, participants in the deferred group gradually started ART; while we censored follow-up at ART start in the third analysis, this censoring compromises the protection by randomization. Fourth, nucleoside reverse transcriptase inhibitors differed between the EFV and other ART groups. Finally, the number of events was low, which limited the power; therefore, results need to be interpreted with caution.
In conclusion, in the START study, ART-naive participants who used EFV in the immediate ART group had an increased risk of suicidal behavior compared with ART-naive controls. Preexisting psychiatric conditions were the strongest predictor of suicidal behavior. Therefore, screening for major psychiatric conditions before EFV initiation would be advisable.
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